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ABSTRACT

Title of Research paper:

Analysis and suggestions on development of
China’s coastal LNG bunkering industry

Degree:

MSC

As the energy philosophy of decarbonization and environmental protection becoming
more and more prevalent in recent decades, a lot of new energy sources were
developed as alternatives of traditional fossil energy. Among them, Liquified Natural
Gas (LNG) is the most promising one as its feasibility and superiority have been
continuously proved by practice. As one of the most important option of new energy,
LNG have already penetrated into all aspects of our lives.

With International Maritime Organization (IMO) continuously advancing its various
policies and regulations on emission control, LNG, as a green energy with high heating
value and low emissions, has also gradually been recognized and accepted by the
shipping industry. According to Det Norske Veritas’s (DNV) “Maritime Forecast to
2050”, by 2050, more than 40% of the ships in the global shipping fleet will use LNG
as fuel. However, the current development of LNG-powered ships is limited by the
lagged development of the LNG bunkering industry, which triggered massive research
globally on the LNG bunkering industry in recent years. All maritime powerhouses
and important ports hope to enhance their global influence and competitiveness
through the development advantages of LNG-fueled ships and LNG bunkering
industry.

European countries are the first countries to develop LNG-fueled ships, and their
research and application of LNG bunkering industry are also at the forefront of the
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world. In contrast, China’s research and development of LNG bunkering industry are
relatively backward. Furthermore, there is also an imbalance between development of
coastal area and of inland river. The coastal LNG bunkering industry lags far behind
inland LNG bunkering industry, which is also one important factor for the slow
development of coastal LNG-fueled ships. As China’s coastal ports continue to
increase their cargo throughput and international influence, the lagged LNG bunkering
industry may bury hidden risks for these coastal ports in the next stage of global port
competition.

This paper focus on the current development of China’s coastal LNG bunkering
industry, compares the basic situations, the regulations and the supporting policies in
China’s coastal ports, inland waters, and in other maritime powerhouses. Several
common bunkering solutions are introduced and analyzed, and based on the forecast
of market size, considering the two factors of bunkering time and LNG fuel cost,
performance of several LNG bunkering solutions is compared quantitatively. Finally,
combining above analysis and comparison, this paper will give conclusions and
suggestions on LNG bunkering industry of China’s coastal ports.

This article aims to accurately position the development of LNG bunkering industry
along China’s coast, and to promote shipping companies, ports, competent authorities,
and academia to attach great importance to the research and development of the LNG
bunkering industry. Reasonable analysis on the LNG bunkering industry and targeted
comparison of several bunkering solutions may provide ideas and reference for the
future development of LNG bunkering industry in China’s coastal ports.

This paper uses a variety of research methods, including literature review, data analysis,
and telephone questionnaire surveys on professionals.
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KEYWORDS: LNG bunkering, China’s coastal ports, forecast of LNG bunkering
market, comparison of several bunkering solutions
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CHAPTER 1

1.1

INTRODUCTION

International Background

In September 1997, IMO adopted the 1997 Protocol to the International Convention
for the Prevention of Pollution from Ships (MARPOL), add Rules for the Prevention
of Air Pollution from Ships as Appendix VI, which make it compulsory and enter into
force on 19 May 2005 (IMO, 2019a). Since then, IMO has been continuously revising
and issuing a series of regulations and standards on the prevention of air pollution from
ships, which mainly focus on emission controls for sulfur oxides (SOx), nitrogen
oxides (NOx) and carbon oxides (COx).

According to IMO requirements, starting from 2012, the upper limit of sulfur content
in ship fuel should be reduced from 4.5% to 3.5%. By January 1, 2020, the upper limit
of sulfur content should be further reduced to 0.5%. Countries are allowed to set up
emission control areas (ECA), and ships sailing in ECA must comply with stricter
standards for fuel sulfur content. Starting from January 1, 2010, the upper limit of
sulfur content in fuel used by ships in the ECA area is required to be 1%, and by
January 1, 2015, it will be further reduced to 0.1% (IMO, 2019a). As for the emission
of NOx, the revised Annex VI stipulates three tiers. Tier II will be implemented on
January 1, 2011, which means ships should reduce NOx emissions by 15%-20%
compared to Tier I. From January 1, 2016, Tier III will be implemented in the NOx
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ECAs, requiring a reduction of 80% on the basis of Tier I (IMO, 2019a). In order to
control the carbon emissions of ships, IMO has issued a series of regulations, mainly
from two aspects of ship construction technology and ship operation technology,
including the “New Ship Energy Efficiency Design Index (EEDI)”, “Ship Energy
Efficiency Management Plan” and “Energy Efficiency Operation Index (EEOI)” and
other related standards, etc (IMO, 2019b).

With a new wave of international discussion of carbon neutrality and bold attempts by
EU countries on carbon taxes, it is believed that pressure to reduce emissions and
environmental protection will quickly spread to the shipping industry and lead to more
new regulations and standards. And the concept of strenuously developing LNG-fueled
vessels and LNG bunkering industry is widely accepted and practiced by international
ship industry.

1.2

Chinese Domestic Background

China started a little late in the work of controlling air pollution from ships. However,
the intensity of work in recent years has demonstrated China's determination to reduce
emissions and protect environment.

On September 1, 2000, China revised and promulgated Law of the People's Republic
of China on the Prevention and Control of Atmospheric Pollution, in which the
prevention and control of air pollution from ships is stipulated clearly in China for the
first time (Standing Committee of the National People's Congress, 2000). After ratified
in May 23, The “Rules for the Prevention of Air Pollution from Ships” came into effect
in China on August 23, 2006. On December 5, 2011, the State Council issued the
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“Twelfth Five-Year Plan for National Environmental Protection”, requiring that the
total SOx emissions in 2015 should be reduced by 8% compared with 2010, and the
NOx emissions by 10% compared with 2010, and clearly pointing out that the control
of NOx from ships should be carried out (The Central People's Government of the
People's Republic of China, 2011). The “Twelfth Five-Year Plan for Energy
Conservation and Emission Reduction of Highway and Waterway Transportation”
released in the same year clearly stated that by 2015, the COx emissions of ships in
operation would be reduced by 16%, of which coastal ships and inland ships should
account 17% and 15% respectively (Ministry of Transport of PRC, 2011). At the end
of 2015, Ministry of Transport of the PRC (2015) issued the “Implementation Plan for
Ship Emission Control Areas (ECAs) in the Pearl River Delta, Yangtze River Delta,
and the Bohai Rim (Beijing-Tianjin-Hebei) Waters”, and established ECAs in the Pearl
River Delta, the Yangtze River Delta and the Bohai Rim (Beijing-Tianjin-Hebei)
waters. In August 2016, China issued the “Marine Engine Exhaust Pollutant Emission
Limits and Measurement Methods (China Phase I and Phase II)”, which separately
regulates the emissions of carbon monoxide, hydrocarbons, NOx and particulate matter
(PM) from ships (Ministry of Ecology and Environment of PRC, 2016).

1.3

LNG as Marine Fuel

Against above background, LNG is an excellent option as an alternative of traditional
fossil energy. According to data from International Gas Union (IGU), compared with
traditional petroleum energy, LNG can reduce 100% of SOx emissions, 90% of NOx
emissions, 20% of COx emissions, and 99% of PM emissions (IGU, 2015).

From the practice of LNG replacing traditional fossil fuels, the effect of reducing
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emissions is also obvious. Rolls-Royce launched Bergen marine gas engine in 2007.
Compared with traditional oil engines, it can reduce NOx emissions by 85%, COx by
25%, SOx by 100% and PM by 99%, and hydrocarbons by 99% (Altosole, Benvenuto,
Campora, Laviola, & Zaccone, 2017). Wärtsilä’s dual-fuel technology was launched
at the end of the 1990s and was first used in power plants on land. Ten years later, it
began to be used on ships. By this technology, LNG, light fuel oil, and heavy oil could
be used on board at the same time. In actual use, taking Wärtsilä 50DF engine as an
example, when it is in gas mode, it can reduce COx emissions by 25%, NOx emissions
by 85%, PM and SOx emissions by 100% (Wärtsilä, 2021b). American shipping
company TOTE ordered two LNG container ships in December 2012, equipped with
MAN electronically controlled gas engines, and they were the first batch of LNGpowered container ships in the world, delivered in 2015 and 2016 respectively. In this
case, SOx and NOx were reduced by 98% and 91%, respectively, and COx would be
reduced by 71% if combining with other emission control technology (B. Li, Qiu, &
Zhang, 2014).

The emission control capability of LNG has been recognized, but some people
probably question the safety of LNG as a marine fuel. According to Wang and
Notteboom’s (2014) research, ships using LNG as fuel are as safe as traditional oilfueled ships in actual use. In fact, nowadays LNG has already been widely used as a
marine fuel. In 2019, there were 525 LNG carriers in the world that most of them used
boil-off LNG gas as fuel (IGU, 2020). In addition, LNG-fueled ships (excluding inland
vessels and LNG carriers) has reached 206 in 2021 (SGMF, 2021). LNG as marine
fuel not only has a big scale, but also has a certain history. The world's first LNGpowered ship “Glutra” was launched as early as 2000 and has been operating without
accidents so far (Mitsubishi Turbocharger and Engine Europe B.V., 2021).
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So, in general, LNG as marine fuel is an excellent and important option in terms of
safety and environmental protection.

1.4

Development of LNG Bunkering Industry

There are currently 170 LNG-fueled ships (excluding LNG carriers) in the world. In
the early days, LNG fuel mainly were supplied by trucks with an LNG tank. Though
it is still the most frequent way to fuel an LNG-powered ship, in the actual operation
process, there were many limitations or uncontrollable risks (we will discuss the
Truck-To-Ship (TTS) bunkering solution in detail compared with other bunkering
solutions in Chapter 3). Therefore, in Europe, where LNG ships were first studied, a
series of studies on the LNG bunkering had been launched. European countries have
successively issued policies to encourage the development of LNG bunkering industry
and to supporting LNG bunkering research. New bunkering technologies, new LNGsupplying ports and new LNG bunkering facilities constantly emerged, and various
countries and ports have issued LNG bunkering standards and operational guidelines.

By 2020, there were 92 ports in the world that were able to provide LNG fuel, most of
which were located in Europe, some are in Asia and the Americas (SGMF, 2021).
There are currently 12 bunkering ships in the world, 9 of which are operating in
European waters (Fig. 1). At present, the mainstream research directions in these
countries mainly focus on the technology of LNG bunkering ships, the simultaneous
operations (SIMOPS) while bunkering, and safe operation zone while conducting
SIMOPS.
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Figure 1 - Bunker Map 2020
Source: SEA-LNG.org

China currently has 293 LNG-fueled ships (excluding LNG carriers), of which 286 are
operated in inland rivers, and 3 are inland-coastal ship and 4 are tugs in harbor (Liu,
2021). At present, there are 12 LNG bunkering stations and 8 pontoons on the inland
rivers. In contrast, no ports along China’s coast have LNG bunkering capabilities.
Based on telephone questionnaire surveys, many shipping companies, such as CMA
CGM and CNOOC have actively requested the Chinese authorities to promote the
development of LNG bunkering in coastal ports because of their actual need for LNG
as marine fuel. Obviously, compared with the rapid development of the throughput of
China’s coastal ports, the backward development of LNG bunkering industry has
seriously affected the competitiveness of China’s coastal ports.

1.5

Objectives, Structure and Limitations
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There is currently no research in China that comprehensively compared the
development of LNG bunkering in China’s coastal area and the world, and accurately
positioned the development of LNG bunkering along China’s coast. At present, there
is also no quantitative analysis and comparison of different LNG bunkering solutions
based on China’s coastal situation. The aim of this paper is not only to have a deeper
understanding of the current situation of China’s coastal LNG bunkering industry, but
also to identify the gaps and weak points of the industry which could suggest future
research. This article also attempts to carry out basic research on these two weak points
by comparing the development status of China's inland river, coastal area, and other
countries, analyzing the current LNG bunkering industry's problems. By analyzing and
comparing the advantages and disadvantages of the different LNG bunkering solutions
qualitatively and quantitatively, this paper tries to provide some clue to the 3
international LNG bunkering centers that China has planned to establish and provide
some reference for the future development of other coastal ports.

The structure of this paper is as follows: Chapter 1 introduces the background of the
international and domestic development of LNG as marine fuel, compares the
characteristics of LNG and traditional fossil energy in detail, and illustrates the
necessity and great advantages of LNG as a marine fuel. The current domestic and
international development dilemmas of LNG bunkering industry is also introduced in
this chapter, leading to the theme and main goals of this article. This chapter also
introduces the structure and the limitations of this paper.

In Chapter 2, the basic situation, regulations and standard and policies of LNG
bunkering are compared between international and domestic circumstances. This
chapter clarifies the situation and weak points of China's coastal LNG bunkering
industry through those analysis and comparison.
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Chapter 3 gives a comparative study on the LNG bunkering industry, introducing the
latest development trends of LNG bunkering technologies and solutions. Comparison
between different LNG bunkering solutions in certain scenarios are conducted. Based
on a stimulation of China’s LNG bunkering market along China’s coast, the
quantitative analysis and comparison of bunkering solutions are also conducted in this
chapter.

Chapter 4 gives the author’s conclusions and suggestions to China’s coastal LNG
bunkering industry based on the study of the whole paper.

This paper has many limitations. This paper’s quantitative analysis of several LNG
bunkering solutions is based on B.F.B. Kolkman’s (2014) simulation result, without
introducing original exclusive simulation model. The question is simplified as much
as possible, so, instead of directly giving an undisputed and uncontroversial answer,
this paper just provides related stakeholders a clue and a perspective to deconstruct the
problem. Limited to the author's abilities, only Chinese and English references are
considered in this paper.
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CHAPTER 2

2.1

ANALYSIS OF LNG BUNKERING INDUSTRY

International LNG Bunkering Industry

2.1.1 Basic Situation of International LNG Bunkering Industry

In 2000, the world's first LNG-fueled ro-ro ship, Gultra (Fig. 2) was put into operation
in the Norwegian area of the North Sea, opening the era of LNG as marine fuel. By
2020, there are 175 LNG-fueled ships in the world and 203 on order (excluding inland
vessels and LNG carriers) (World Maritime News, 2020). Most of these LNG-fueled
ships are operated in the Nordic countries and the European Union, which makes the
LNG bunkering industry in the European region lead the world. At present, there are
92 ports in the world that provide LNG fuel, most of which are in Europe, and some
are in Asian countries, such as Japan, South Korea, and Singapore.

In 2013, the world's first bunkering ship Seagas was launched. Up to now, there are 12
bunkering ships worldwide, 9 operating in Europe. Seagas is an LNG bunkering vessel
retrofitted from a car ferry, which now operates in the port of Stockholm exclusively
for the refueling of the ferry Viking Grace (Zha, 2019). It is retrofitted by Cryo AB of
Sweden, 46.75 meters long, 11.25 meters wide (Shen, 2018), and transmits up to160
m3 LNG in about 45 minutes (Gasum, 2021). In 2014, the British Company Shell
ordered LNG bunkering vessels with capacity of 6,500 m3 from South Korea Company
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STX; and STX deployed LNG bunkering ship business early and carried out research
and design work on LNG bunkering ships. The French LNG ship giant GTT also
carried out research and development work on LNG bunkering ships very early. One
of its designs can carry 4000 cubic meters of LNG, which is suitable for relatively
crowded and narrow operating waters. In 2018, an LNG bunkering vessel named
“Kairos” started serving the North Sea and the Baltic Sea. Her port of registry is
Klaipeda Port in Lithuania, with a filling capacity of 7,500m³, built by Back Schulte
Energy, Hyundai Mipo Shipyard in South Korea. In Bilbao, Spain, a newly retrofitted
LNG bunkering barge performed the first domestic LNG ship-to-ship (STS) bunkering
in Spain (Zha, 2019).

Figure 2 - The world's first LNG-fueled ship, Gultra
Source: www.wartsila.com

European countries and their ports not only carried out LNG bunkering, but also
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actively tried various types of SIMOPs, and formulated their own LNG bunkering
standards and regulations. Viking Grace from Sweden and Stavanger Fjord Line from
Norway have been carring out SIMOPS of passengers’ embarking or disembarking
when bunkering LNG fuel (Arnet, 2014; DNV GL, 2014). In October 2017, an oil
carrier MT Tern Ocean loaded gasoil during LNG bunkering operation, which is the
first SIMOP in port of Gothenburg (Lillhage, 2018). In July 2019, Containerships Nord
transhipped containers during bunkering LNG fuel at the same time (Fig. 3) (Port of
Rotterdam, 2019).

Figure 3 - Containerships Nord transhipped containers during bunkering LNG fuel
Source: www.PortofRotterdam.com

At the same time, China’s Asian neighbors, Japan, South Korea, and Singapore, their
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LNG bunkering industry is also developing rapidly. Korea Gas Corporation (KOGAS)
supplied LNG to Asia’s first LNG-powered ship Econuri in 2013 (Ship & Bunker
News Team, 2013) and signed an agreement with Busan Port to establish LNG
bunkering infrastructure (NGV Global News, 2018). Japan’s LNG bunkering vessel
Kaguya carried out its first ship-to-ship (STS) LNG fuel supply on October 20,2020
(Fig. 4) (Ovcina, 2020a). Singapore received its first LNG bunkering vessel named
FueLNG Bellina in January 2021, which is built by Keppel Offshore and Marine’s
Nantong shipyard.

Figure 4 - Kaguya carried out its first ship-to-ship (STS) LNG fuel supply
Source: Offshore Energy

2.1.2 International Regulations and Standard for LNG Bunkering

European countries and some shipping powers have successively issued relevant
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regulations and standards on the LNG bunkering industry. Some large western ports
have also revised their own port regulations to make corresponding requirements for
LNG bunkering operations. The most important purpose is to ensure safety during
LNG bunkering operations. At the same time, a unified and mutually recognized
bunkering standard is also conducive to the rapid development of the LNG bunkering
industry all across the world. So many countries and ports are involved, and their
respective regulations and standards share the same main content and have different
details. Some standards are global, some are local, while some are voluntary, and some
are mandatory. This paper can only list some of them.

International Standard Organization (ISO) try to offer a series of worldwide unified
standards, like they always did. Those standards, which are voluntary, include ISO
20519:2017, Ships and marine technology — Specification for bunkering of liquefied
natural gas fueled vessels, ISO/TS 18683:2015, Guidelines for systems and
installations for supply of LNG as fuel to ships. Simultaneous Operations (SIMOPs)
during LNG Bunkering by SGMF, Development and Operation of LNG Bunkering
Facilities by DNV GL are also representatively voluntary. Some ports issued their
mandatory regulations, like Rotterdam Port Management Bye-Laws by The Municipal
Council of Rotterdam, Operating regulations for LNG bunkering from truck to ship by
Port of Lulea Hamn, Sweden, Safety manual on LNG bunkering procedures for the
Port of Helsinki, LNG Operating regulations including LNG Bunkering by Port of
Gothenburg, LNG bunkering in the Port of Antwerp, Technical Reference: LNG
bunkering by Singapore Standards Council TR56 etc (Fan, Enshaei, & Jayasinghe,
2021).

2.1.3 International Policies for LNG bunkering
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Besides LNG providers and receivers, port authorities and local governments also play
an irreplaceable role in the development of LNG bunkering industry, because they are
able and responsible to publish a series of policies, such as cooperative development
policy, financial incentive policy and coordinating communication policy (S. Wang &
Notteboom, 2015). These policies are significant for the development of LNG
bunkering in that region.

The European Commission adopted the clean fuel strategy on January 24, 2013, and
comprehensively planned the clean energy (including LNG) development strategy and
the supporting Clean Power for Transport Package. Clean Power for Transport
Package consists of a European alternative energy strategy communication mechanism,
a decree aimed at promoting the development of infrastructure and technical standards,
and an action plan to promote the use of LNG in shipping. Among them, in the Action
Plan to Promote the Use of LNG in Shipping, a series of specific measures are
proposed, namely the “Actions towards a comprehensive EU framework on LNG for
shipping”.

In the first quarter of 2013, the European Commission jointly established the European
Sustainable Shipping Forum (ESSF) with its member states and related industries,
hosted by the European Commission. At the end of 2013, the European Union issued
a very important decree, namely Regulation (EU) No 1315/2013 on Union guidelines
for the development of the trans-European transport network. It stipulates that the
construction of LNG infrastructure can apply to the Connecting Europe Facility (CEF)
fund for funding (European Parliament and the Council, 2013). In 2014, the European
Union issued another extremely important policy, namely Directive 2014/94/EU on
the deployment of alternative fuels infrastructure. This policy clarifies that the LNG
development goal is to establish a network of LNG bunkering capability among major
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EU ports, requiring all EU member states to formulate a policy framework for the use
of alternative fuels and construction of the infrastructure, and to formulate unified
standards and general technical specifications in the EU. This policy also sets a
timetable for LNG bunkering development under the framework of Trans-European
Network for Transport (TEN-T): “A core network of refuelling points for LNG at
maritime and inland ports should be available at least by the end of 2025 and 2030,
respectively” (European Parliament and of the Council, 2014).

Singapore, China's Asian neighbor, has also issued a series of policies to encourage
and support the development of LNG fuel. In 2003, the Maritime Innovation &
Technology Fund (MINT Fund) was established by the Maritime and Port Authority
(MPA) of Singapore, which has contributed S$200 million to encourage the research
and development of new maritime technologies (MPA of Singapore, 2021a). In 2011,
MPA of Singapore launched the Maritime Singapore Green Initiative, which aims to
reduce environmental pollution caused by shipping and related activities and to
promote the development of green shipping (MPA of Singapore, 2021b). In September
2015, MPA of Singapore issued a new LNG fuel-powered ship funding plan to
encourage building new LNG fuel-powered ships and LNG bunkering ships. Up to
now, MPA of Singapore has given out two funds, each of 12 million SGD. The first
fund was used to fund the construction of 6 LNG-powered ships, each with 2 million
SGD. In the second funding, 6 million will still be used to fund LNG-powered ships,
and the other 6 million will be used to fund two LNG bunkering ships, each with 3
million (MPA of Singapore, 2015, 2017). At the end of 2016, MPA of Singapore
announced a five-year port dues incentive programmes on the use of LNG as marine
fuel and extended them for 5 more years in 2019. LNG-powered harbour crafts (like
tugs) won’t be charged craft port dues for 5 years. For ships that belong to the MPA’s
Green Port Programme, if they engage LNG-powered harbour crafts for port
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operations, their port dues will be reduced by an additional 10% on the basis of the
original 25% concession (MPA of Singapore, 2019).

In May 2018, the Ministry of Oceans and Fisheries (MOF) of South Korea launched a
two-year project with an investment of 3 billion won to develop the LNG bunkering
industry. The project aims to strengthen the construction of LNG bunkering facilities
in Korean coastal ports such as Ulsan and Busan. In addition, South Korea will provide
a 10% subsidy for ships switching to LNG fuel, and implement preferential port dues
for LNG-powered ships (Offshore Energy, 2018). In 2020, in order to strengthen
coastal LNG bunkering capacity, South Korea provided 15 billion won to a company
that builds LNG bunkering vessels and plans to eventually cover 30% of the total cost.
In the same year, KOGAS signed an agreement to establish an LNG bunkering joint
venture with steel producer POSCO, shipowner Hyundai Glovis, refiner S-Oil, Busan
Port Corporation and Daewoo Logistics, and planned to acquire three ships LNG
bunkering ships operate in South Korea and surrounding waters (Bajic, 2020).

2.2

China’s LNG Bunkering Industry

2.2.1 Basic Situation of China’s LNG Bunkering Industry

The navigable mileage of China's inland waterways is 12.71×104 km, the longest in
the world (Liu, 2021), and the promotion of LNG as marine fuel has great potential.
In 2010, China launched the LNG marine fuel pilot project. In August of that year, in
Wuhan, a Wuhan Ferry Company's Tugboat “Wu Lun Tug 302” was retrofitted into an
LNG-diesel dual-fuel ship, and it was tested on the Yangtze River (Liu, 2021). Also,
in August of that year, a 3000-ton sand carrier named “Su Su Huo 1260” was retrofitted
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into an LNG-diesel hybrid ship and was successfully tested on the Beijing-Hangzhou
Grand Canal (Fang & Peng, 2021). Since then, a new era of Chinese ships using LNG
as fuel has begun. As of March 2020, China has a total of 293 LNG-powered ships,
including 286 inland river vessels, accounting for 97.6%, and 7 sea-going vessels,
2.4%. Among them, 118 ships were rebuilt or retrofitted and 175 were newly built (Liu,
2021).

The bunkering solutions on China's inland rivers in early days were mainly TTS,
nowadays, there are more LNG stations and barges. At present, there are 12 LNG
bunkering stations (with no pontoon) in China, including 10 on the Beijing-Hangzhou
Grand Canal and 2 on the Yangtze River Delta Water Network. Only 6 of them have
been put into operation, five are located on the Beijing-Hangzhou Grant Canal, and
one is located on the Huangpu River (Fang & Peng, 2021). A total of 8 pontoons have
been built in China, including 7 on the Yangtze River and 1 on the Xijiang. Two of
them are already in operation, namely Haigangxing 01 in Baguazhou, Nanjing, (Fig.
5) and Xijiang Xin'ao 01, (Fig. 6) in Wuzhou, Guangxi (Fang & Peng, 2021; Liu, 2021).
Haigangxing 01 is the first LNG barge in China, and it was built and put into operation
by Jiangsu Haiqi Ganghua Gas corporation in September 2013. The pontoon has a total
length of 100m, a width of 18m, and a depth of 3.8m. It is equipped with 2 LNG storage
tanks, each with a capacity of 250 m3 (Du & Zhang, 2015).
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Figure 5 - Haigangxing 01 in Baguazhou, Nanjing
Source: Paper.people.com.cn

Figure 6 - Xijiang Xin'ao 01, in Wuzhou, Guangxi
Source: www.ovationgroup.com.cn

China is the world's largest LNG importer, and its import volume in 2020 will reach
1363×108 m3. Currently, China’s 22 coastal ports have built LNG receiving stations
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and put them into operation, and 1,036 ships full of LNG had been unloaded in 2020,
which was much higher than the global average (Zhao, 2021). Embarrassingly, in sharp
contrast, the development of LNG as marine fuel alongside China’s coast is extremely
lagged. As we mention above, in 2020, there were a total of 294 LNG-powered ships
in China, of which only 7 LNG-powered ships along the coast, accounting for 2.4%.
Besides, 4 are tugboats in the habour and 3 are river-sea combined transport ships.
Currently, none of China's coastal ports can supply LNG fuel.

Looking back in history, in 2012, some scholars claimed that inland vessels are much
more suitable to use LNG fuel than sea-going vessels, because inland vessels have
small tonnage, short voyages, and relatively fixed routes, the requirements for fuel
storage and bunkering are relatively easy to meet. In fact, the Chinese government has
also accepted this statement (P. S. Wang & Wang, 2012). In 2013, the Ministry of
Transport of China Ministry of Transport of PRC (2013a) issued the “Guiding
Opinions of the Ministry of Transport on Promoting the Application of LNG in the
Water Transportation Industry”, which clarified that China's development of LNG as
marine fuels should take the path of first inland water, then coastal and later ocean.

It should be noted that although at present there is no Chinese coastal port carrying out
LNG bunkering, the Chinese government has already started the layout and planning.
In 2018, a dedicated LNG terminal with receiving and bunkering capabilities had been
built in Zhoushan, Zhejiang (Fig. 7) (CNPC, 2018). ENN Energy Group has signed an
agreement with the Dalian Shipbuilding Industry Corporation to entrust the
construction of an 8,500m³ LNG bunkering vessel (Eworldship, 2018). ENN Energy
Group plans to take the Zhoushan terminal as a base to carry out LNG bunkering
business in the Yangtze River Delta and the East China Sea in the future. In 2020,
Shenzhen government, PetroChina, Shenzhen Gas Group and Yantian Port Group
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signed a contract to build an international offshore LNG bunkering center, with one
terminal and LNG bunkering vessels involved (Duran, 2020). China has not only
deployed LNG bunkering centers in the Yangtze River Delta and the Pearl River Delta,
but in the Bohai Rim region, China has also selected Shandong Weihai as a potential
target for a LNG bunkering center of Northeast Asia, and has carried out preliminary
demonstration research (CNPC News Center, 2020).

Figure 7 - Zhoushan LNG Terminal
Source: Paper.people.com.cn

Although, China, as a traditional shipbuilding power, does not have its own LNG
bunkering vessel to operate along the coast, but it has built a lot of them. As early as
2011, Dalian University of Technology and China National Offshore Oil Corporation
(CNOOC) conducted research and design of LNG bunkering ship types, and developed
LNG bunkering ship types with storage capacity of 1000m³, 2500m³, 3000m³, and
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5000m³. In 2014, Guangdong Kaili Group started the construction of the first LNG
bunkering vessel in South China, with a length of 78 meters, a width of 16 meters and
a depth of 3.2 meters (Zha, 2019). In 2015, CSC Heavy Industry delivered the first
LNG pontoon on the Yangtze River, which is 90 meters long and 16 meters wide, with
a storage capacity of 500 m³ of LNG and 180 tons of diesel. In 2018, Japanese
merchant ship MOL ordered an 18600m³ LNG bunkering vessel from China State
Shipbuilding Corporation (CSSC) Shipyard, which was the delivered in
September,2020. (Fig. 8) It was the world’s largest LNG bunkering vessel at that time
and was going to provide bunkering services for CMA CGM's 22,000TEU container
ship (Ovcina, 2020b). In 2019, the LNG barge named Zhugang Xijiang Energy 01,
invested and constructed by Zhuhai Port Group was delivered, which was designed by
Wuhan Changjiang Ship Design Institute and equipped with two 100 m3 of LNG tanks
and four 150 m3 of diesel tanks. In 2019, Southeast Asia's first LNG bunkering vessel,
Avenir Advantage, was produced and delivered by Keppel Nantong Shipyard (World
Maritime News, 2019). In 2020, Nantong Keppel Shipyard produced and delivered the
second LNG bunkering vessel of the same ship type (Bajic, 2021). CIMC (2021)
launched the world's largest LNG bunkering vessel, with a storage capacity of
20,000m³.
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Figure 8 - World’s largest LNG Bunkering Vessel
Source: Bureau Veritas

2.2.2 China’s Regulations and Standard for LNG Bunkering

In order to promote the healthy, standardized and long-term development of China's
LNG-powered ships and LNG bunkering industry, relevant authorities in China have
also formulated a series of regulations and standards.

With regard to LNG-powered ships, the China Maritime Safety Administration (MSA)
issued the “Technical Requirements for Pilot Ships of LNG Fuel” and “Technical
Requirements for Key Equipment of Pilot Ships of LNG Fuel” in 2012 (Yang, 2014).
China MSA (2014b) issued the “Safety Supervision and Management of Inland Water
LNG Fuelled Ships” in 2014, and “Interim Regulations on Statutory Inspection of
Natural Gas Fuelled Ships” in 2018 (China MSA, 2016). The China Classification
Society (CCS) also issued the “Rules for Natural Gas Fuelled Ships” in 2017 (CCS,
2017a). Regarding the design of LNG bunkering pontoons, in 2017, CCS issued the
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“Rules for LNG Bunkering Pontoons” (CCS, 2017b). The China MSA (China MSA,
2018a) promulgated the “Interim Regulations for the Statutory Inspection of LNG
Fueled Inland Bunkering Pontoons” in 2018 according to its functions, which provided
a regulatory basis for the design, construction and inspection of bunkering pontoons
(China MSA, 2018b). In terms of shore-based LNG bunkering terminal, Ministry of
Transport of PRC (2016a) issued the “Code for Design of River LNG Bunkering
Wharf” in 2016, which provided technical guidance for the design of the LNG
bunkering wharf. The Ministry of Housing and Urban-Rural Development (2018)
issued the national standard “Standard for Design of LNG Bunkering Station for
vessel”, which provides a basis for the design and construction of shore-based ship
LNG bunkering stations. In terms of LNG bunkering ships, in 2016, China MSA (2016)
issued “Interim Regulations for the Statutory Inspection of LNG Bunkering Ships”. In
2017, CCS issued the “Rules for LNG Bunkering Ships”, which provides support for
the construction and survey of domestic LNG bunkering ships (CCS, 2017c). In terms
of bunkering operations, the China MSA (2014a) issued the “Interim Regulations for
the Safety Supervision and Administration of Water LNG Bunkering Stations” in 2014,
which filled the gaps in China's regulations on the safety supervision of water LNG
bunkering operations at that time. However, with the rapid development of LNG fuel,
this decree can no longer meet the actual needs of LNG bunkering management. In
February 2020, the China MSA issued the “Regulations for the Safety Supervision and
Administration of Water LNG Bunkering Operations” (China MSA, 2020). In January
2017, “Guidelines for LNG Fuel Bunkering Operation” issued by CCS formally came
into effect, putting forward technical requirements for bunkering equipment operation,
safety protection, risk assessment, operating procedures, and emergency response
(CCS, 2017d). Ministry of Transport of PRC (2020) issued the “Technical
Requirements of LNG Fuel Bunkering Operation from Road Tankers to Natural Gas
Fueled Ships”, which clarified the technical requirements for bunkering from tankers.
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And in China, actually there are still much more regulations and decrees are under
research nowadays.

2.2.3 China’s Policies for LNG Bunkering

In addition to the emission control regulations mentioned above, the Chinese
government has also introduced a lot of policies to encourage and stimulate the
development of LNG as a marine fuel and LNG bunkering industry, including several
aspects: top-level design, pilot demonstration projects, financial support policies,
shoreline planning policies and differentiated policies of local governments.

From the top-level design, in 2013, Ministry of Transport of PRC (2013b) issued the
“Guiding Opinions on Promoting the Application of LNG in the Water Transportation
Industry”, which clarified the development goals, advancing paths, principles, main
tasks and safeguard measures for the application of LNG in the water transportation
industry. In 2018, the Ministry of Transport's “Opinions on Further Promoting the
Application of LNG in the Water Transportation Industry (Draft for Comment)” clearly
proposed to promote the construction of international LNG bunkering centers in the
Bohai Rim, Yangtze River Delta and Pearl River Delta regions, and conduct research
on coastal LNG bunkering services. In 2019, the “Guiding Opinions on Building a
World-Class Port” jointly issued by nine ministries including the Ministry of Transport
once again proposed to accelerate the construction of green ports and improve port
LNG bunkering standards, specifications and supply service systems (Ministry of
Transport of PRC, 2019). In terms of pilot demonstration projects, in 2014 and 2016,
the Ministry of Transport respectively issued two batches of 24 pilot demonstration
projects for the application of LNG in the water transportation industry, covering most
of the inland rivers and some coastal ports, and the construction content covers
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construction of new ships, construction of marine LNG bunkering facilities and LNG
bunkering stations (Ministry of Transport of PRC, 2014, 2016b). Regarding the
financial support policy, from 2014 to 2017, the Ministry of Transport and the Ministry
of Finance provided financial subsidies to those that met the requirements of
standardization demonstration project for inland LNG fuelled ships. Each ship that
meets the requirements will receive approximately RMB 540,000 to RMB 890,000
(Ministry of Transport & Ministry of Finance, 2014). In July 2018, the State
Administration of Taxation, the Ministry of Finance, and the Ministry of Industry and
Information Technology, together with the Ministry of Transport, issued the “Notice
on Preferential Vehicle and Vessel Tax Policies for Energy-saving and New-energy
Vehicles and Vessels”. Ships only equipped with natural gas engines will be considered
as new energy vessels, exempting vehicle and vessel tax (Ministry of Finance, State
Administration of Taxation, Ministry of Industry & Information Technology, &
Ministry of Transport, 2018). Regrettably, China currently does not have a special
financial support policy for the application of LNG in coastal ships, let alone the
development of coastal LNG bunkering industry. In fact, the development of LNG as
marine fuel and LNG bunkering industry along the coast requires much more financial
subsidy support than inland rivers, because their scale and initial capital investment
are much higher. Regarding shoreline planning, in 2017, in order to guide the site
selection of bunkering wharves in the port area, the Ministry of Transport issued the
“Layout Plan for LNG bunkering wharfs on the Yangtze River Main Line, BeijingHangzhou Great Canal, and Xijiang River Main Line (2017-2025)”. A total of 74 LNG
bunkering stations or wharves have been deployed along the inland waters. The
Ministry of Transport and the National Development and Reform Commission (2019)
jointly issued the “Notice on Strictly Controlling the Use of Coastline Resources in the
Yangtze River Trunk Line” to further clarify that the LNG bunkering wharf project
that meets the requirements of the special plan can directly handle the port coastline
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use approval procedures.

Various localities have also issued support policies to solve the problems that have
arisen in the actual development process. For example, Jiangsu Province issued the
“Guiding Opinions on Regulating the Construction and Operation of LNG Bunkering
Stations for Inland Ships”, the Shanghai Transportation Commission formulated the
“Three-year Action Plan for Shanghai Green Ports”, and the Yangtze River Waterway
Administration issued the “Announcement on matters related to the trial operation of
the LNG-powered ship passing the Three Gorges ship locks”.

2.3

Conclusion of Chapter 2

Through the above, it is obvious that the international LNG bunkering industry has
been developing rapidly, especially in EU and Nordic countries such as Norway. Their
LNG bunkering industry began earlier, their LNG bunkering industry is more
advanced, and their standards and regulations are more comprehensive and in-depth.
While China is still trying to begin the coastal LNG bunkering industry, they have tried
various SIMOPS of LNG bunkering. While China is still working hard to improve the
legal system related to LNG bunkering, their regulations and standards have gone
deeper and further that they are trying to regulate and manage the safety zone,
operating procedures and risk assessment of SIMOPS. Within Asia, as a traditional
maritime powerhouse and a traditional bunkering powerhouse, Singapore has also
developed rapidly in LNG bunkering. They are striving to consolidate their position as
a shipping center in Asia, and they are very bold in the research, construction and
investment of LNG bunkering. China’s two neighbors, South Korea and Japan, have
also made progress. They have clear plans, early LNG bunkering attempts, and are
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actively building more LNG bunkering facilities.

China's LNG bunkering industry has also achieved certain development in recent years,
but it is mainly achieved in the inland rivers. There are a large number of LNG ships
in China's inland rivers, and the bunkering industry has also been developing rapidly.
About half of the LNG-powered ships in China's inland rivers are modified. The LNG
storage on the ships is usually small, so the bunkering frequency is relatively high, and
the single bunkering volume is small. In addition, the routes of the inland ships are
relatively fixed and the water level of the inland river changes drastically seasonally.
Due to above reasons, the LNG bunkering solutions in the inland rivers of China is
mainly LNG bunkering stations and LNG bunkering pontoons, with tank trucks as the
auxiliary.

The LNG bunkering industry along the coast of China is still in the stage of research,
demonstration and construction. There are several reasons for this overall
backwardness. The first reason is that China's LNG-related industries started relatively
late. As mentioned above, the first LNG-powered ship Glutra appeared in Europe in
2000, and the first LNG-powered ship Wu Lun Tug 302 appeared in China until 2010.
The second reason is that China's LNG development path is first inland water, then
coastal and later ocean. This has led to a huge gap between the LNG bunkering
industry in China's inland rivers and the coastal areas. The third reason is in terms of
policy. The European Union, Singapore, Japan, and South Korea that we have listed
have stricter environmental protection policies, and they have stronger and more direct
financial support policies for the LNG bunkering industry. In contrast, China also has
issued many policies but among them, there are very few financial policies, which are
also relatively weak. The construction and retrofit of LNG-powered ships, or the
construction of LNG bunkering facilities, are much more expensive than traditional
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fuel oil, and the initial investment is very huge (L. Li, 2021; P. S. Wang & Wang, 2012).
This makes the development of LNG as a marine fuel and LNG bunkering industry
very dependent on the financial support of government. In the absence of government
funding support, business operations will be very difficult, and the willingness to
develop LNG related industry will not be high.

In addition, there are still some “chicken or egg” paradox in the development of LNGrelated industries. For example, there are few LNG-powered ships along the coast, so
LNG bunkering facilities are underdeveloped. Conversely, the underdeveloped coastal
LNG bunkering facilities will also result in fewer LNG-powered ships. The current
backward LNG bunkering industry will lead to the low quantity and quality of
domestic related studies, the low quantity and quality of domestic related studies will
also make the development of the LNG bunkering industry lag behind.

In the second chapter, we clarified the situation and positioning of China's coastal LNG
bunkering industry through analysis and comparison and found the weak points of
industrial development. The late start of China's LNG-related industries is a fact that
cannot be changed. China has chosen a development path from inland rivers to coastal
areas, and now it has begun to attach importance to the coastal areas and is trying to
develop the coastal LNG bunkering industry. So now, what can be done is to take
measures at the remaining weak points. The government should introduce more special
financial support policies, and enterprises and ports should try to build more bunkering
facilities. These measures can only be effectively and scientifically conducted if they
are guided by abundant studies and research, and it is exactly where Chapter 3 try to
make a little contribution.
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CHAPTER 3

COMPARATIVE AND QUANTATATIVE STUDY ON THE
LNG BUNKERING INDUSTRY

According to the previous analysis, the development of LNG as marine fuel and LNG
bunkering industry is one of the most important directions in the shipping industry. At
the same time, the above analysis also pointed out that the development of China's
coastal LNG bunkering industry requires financial support policies and investment
from ports and enterprises. So, what kind of financial support policy is needed? What
kind of bunkering solutions is suitable? There are currently more than 150 ports along
the coast of China. Even for ports with a throughput of over 500 million in 2020, there
are still 7 ports along the coast of mainland China (Pearl River Water Transportation,
2021). Different ports should have totally different strategies for developing LNG
bunkering industry. At present, the existing LNG bunkering solutions mainly include
3 kinds, namely Truck-to-Ship (TTS), Ship-to-Ship (STS), Shore-to-Ship (PTS). The
characteristics of these solutions are different. Therefore, China's coastal ports will
inevitably face choices when developing the LNG bunkering industry. In this chapter,
we will analyze the latest LNG bunkering trends, analyze the advantages and
disadvantages of the above-mentioned bunkering solutions, and combine the
characteristics of China's coastal ports to give conclusions and recommendations for
the development of the LNG bunkering industry.
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3.1

Latest Development Trends of LNG Bunkering Industry

The international LNG bunkering market is currently showing three development
trends, namely, newly-built LNG-powered ships are becoming larger, shipping routes
are globalized, and ocean-going ships are shifting from “LNG-ready” to newly-built
LNG power.

First of all, newly-built ships are becoming larger, which means that the LNG
bunkering volume for single time will increase significantly. Early LNG-powered
ships were mainly ro-ro ships, ferries, or small coastal cargo ships. For example, the
first LNG-powered ship, the 94-meter-long Gultra, is equipped with two cryogenic
storage tanks, each with a capacity of 32m³ (Wärtsilä, 2021a). Since 2016, newly built
LNG-powered ships have become significantly larger. For example, Carnival Group’s
LNG-powered luxury cruise ships, Costa Smeralda, equipped with 5,000 beds, can
serve 6,600 passengers. Costa Smeralda is equipped with 3 LNG cryogenic storage
tanks with a total capacity of 3,200m³ (Carnival Corporation & PLC, 2021). The CMA
CGM JACQUES SAADE, a 23,000TEU LNG-powered container ship, has an
astonishing LNG storage capacity of 18,000m³. CMA CGM (2021) will build another
8 sisterships of the same size, which will be arranged on the route from Europe to Asia.
The emergence of such big LNG-powered ships poses a challenge to the LNG
bunkering capacity of coastal ports around the world.

The second trend is that shipping routes have become globalized. Some of the early
LNG ships were ferries, sailing between short-distance ports, and some are cargo ships,
sailing in the coastal and inland areas of Europe. However, in recent years, as LNGpowered ships have become larger, the routes of LNG-powered ships have also begun
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to globalize. CMA CGM’s 22,000TEU container ships chose the Asia-Europe route
(CMA CGM, 2021). Germany company Volkswagen (2020) chartered two LNGpowered car freighters, each with a capacity of 7500 Car Equivalent Units (CEU) and
an LNG storage capacity of 3600 m3, to transport their cars from Europe to Central
and North America. In 2017, Japan’s Toyota also plans to order 20 LNG-powered car
freighters, each with 7,000 CEU, to ship their cars to the whole world and the first ship
they ordered was just delivered in October, 2020 (Hakirevic, 2020). This trend, on the
one hand, once again challenges LNG bunkering volume for single time. On the other
hand, when developing the LNG bunkering industry, companies cannot only consider
the LNG bunkering demand in the port or in the region. It is to consider the LNG
bunkering market from a global perspective.

The last trend is the transformation of ocean-going vessels from “LNG-ready” to new
construction. In early days, companies tended to choose LNG-ready ships, which were
designed to be easily transformed or retrofitted into LNG-powered ships. But since
2016, the company we mentioned above, such as Carnival, CMA CGM, Volkswagen,
Toyota, they all have chosen to build LNG-powered ships directly, rather than “LNGready” ships. This trend shows that among ocean-going shipping companies, faith in
LNG as marine fuel is becoming stronger and stronger, and LNG-powered ships are
being recognized and chosen more widely and more firmly. This trend implies that the
prospects for the development of LNG bunkering in international ports are clearer and
closer.

3.2

Introduction and Analysis of Different LNG Bunkering Solutions
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3.2.1 Truck-to-Ship (TTS)

Figure 9 - Truck-to-Ship Bunkering
Source: Andersen, S. (2017). Liquefied Natural Gas (LNG) transfer and bunkering
methods. Retrieved from https://blog.dixonvalve.com/lng-transfer-andbunkering-methods

TTS (Fig. 9) usually refers to the operation of supplying LNG fuel from qualified LNG
tank trucks to receiving vessels at approved ports. Tank trucks usually replenish
themselves from small LNG distribution stations or some import LNG terminals, and
then transport LNG fuel to the destination and bunker according to the requirements
of the receiving vessel. At present, the maximum volume of domestic tank trucks is
limited to 52.6m³, and towing is not allowed. Towing is allowed in Europe and tank
trucks there can reach the maximum capacity of 120m³. The tank truck and the
receiving vessel are generally connected by cryogenic flexible hoses. Tank trucks are
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not allowed to be equipped with pumps, and the bunkering process generally relies on
self-pressurized transmission. The bunkering rate is generally less than 1000L/min,
and it usually takes about 1-2 hours to complete the filling (Jin, 2016).

The significant advantages of tank trucks are the portability of LNG, low investment,
and long-distance transportation of LNG. Tank trucks can carry LNG to some remote
docks or rivers. Investing in a tank truck can get economic benefits in a relatively short
period of time. Due to the developed road transportation network, tank trucks can also
transport LNG fuel across provinces and cities over long distances in accordance with
the requirements of the recipient. Tank trucks have strong adaptability to small ships
with relatively low LNG demand, and can also cope with sudden or temporary LNG
demand. However, for large ships, such as container ships with a fuel capacity of
18,600 m3, it takes approximately 1,000 trucks to finishing one bunkering, which is
completely unrealistic in terms of actual operation and bunkering time. Long-distance
transportation by trucks is usually expensive, and transportation volume for one time
is also very limited. There are many procedures in the transportation process, which
make TTS relatively risky, so it is not suitable for long-term large-scale LNG demand.

Tank truck refueling is the earliest LNG refueling solution in the world and has helped
the industry to accumulate a wealth of operating experience. Even now, whether it is
in the European Union, Northern Europe, or China, there are still many LNG tankers
operating.

3.2.2 Shore-to-Ship (PTS)

33

Figure 10 - Shore-to-Ship Bunkering
Source: Andersen, S. (2017). Liquefied Natural Gas (LNG) transfer and bunkering
methods. Retrieved from https://blog.dixonvalve.com/lng-transfer-andbunkering-methods

PTS, (Fig. 10) namely shore-to-ship, refers to the operation of LNG bunkering from
fixed LNG storage facilities on shore, through bunkering facilities, to receiving ships
docked at the wharf. (On the inland rivers, due to the drastic changes of the water level
during the dry and wet periods, PTS often make use of pontoons to carry out LNG
bunkering. And because pontoons usually have no propulsion, they can be regarded as
an extension of onshore bunkering facilities. In this paper, pontoon-to-ships is not
analyzed independently as a way of bunkering, but as a supplementary form of PTS.)

PTS needs to build large-scale LNG storage facilities on the shoreline, and build
refueling facilities (usually pumps and pipes) between the storage facilities and the
bunkering terminal. The advantage of PTS is that the filling rate is very fast, much
higher than that of tank trucks, and can usually reach 3000L/min or higher. PTS is also
more flexible in terms of filling volume, which can meet the different needs of various
types of receiving ships. The disadvantage of PTS is that when shoreline resources are
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under strictly control, which is the normal situation, it will be very complicated and
difficult to deploy a dedicated LNG bunkering station. Another disadvantage is that
the PTS bunkering station is generally not suitable for carrying out other operations at
the same time, such as loading and unloading, so the economic benefits of the station
could be very low, and the initial investment in establishing an LNG bunkering station
usually is very high. The third disadvantage is that the receiving ships needs to arrange
a special time and voyage to go to the station for LNG bunkering (if the wharves are
docked by other earlier receiving ships, they may have to wait), which greatly affects
the ship’s operational efficiency.

3.2.3 Ship-to-Ship (STS)

Figure 11 - Ship-to-Ship Bunkering
Source: Andersen, S. (2017). Liquefied Natural Gas (LNG) transfer and bunkering
methods. Retrieved from https://blog.dixonvalve.com/lng-transfer-and-bunkeringmethods
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STS (Fig. 11) means ship-to-ship, which refers to the operation of bunkering from
newly-built or rebuilt bunkering vessels, to the receiving ships. The LNG bunkering
vessel can bunker to the berthed ship at the berth, or to bunker the anchored ship at
sea. This is currently the most popular way all over the world.

The advantage of STS is that it is very flexible in terms of bunkering vessel’s storage
volume, bunkering volume, and bunkering rate. It means that bunkering vessels can
adapt to different receiving vessels. The second advantage of STS is that the bunkering
location is flexible. It can be at the berth for loading and unloading, or at sea. Under
the premise of ensuring safety, it can fully meet the different needs of the receiver. STS
also has another significant advantage, that is, it allows the receiving ship to
synchronize operations. The receiving ship can load and unload cargo, or can embark
or disembark passengers, instead of arranging a special time to refuel and delay the
ship schedule. The disadvantage of STS is that the relative movement between the
bunkering vessel and the receiving ship may cause risks and accidents. Bad weather
and sea conditions, traffic flow in the harbor, etc., may increase the risk of bunkering
operation. The high cost of bunkering vessel is another problem. The cost of building
an LNG bunkering vessel is relatively high. In the case of insufficient LNG demand,
it is difficult to recover the investment cost in the short term.

Theoretically, STS is suitable for all types of receiving ships, whether it is along the
coast and on inland waters. STS is especially suitable for large-scale ships and
container ships. Because large ships have flexible requirements for bunkering
according to their voyage, next port of call, and fuel inventory. Large ships also have
relatively high requirements for bunkering rate. Container ships are very concerned
about shipping schedules, while bunkering ships allow simultaneous operations, which
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will hardly affect the shipping schedule of container ships.

3.3

Comparison of Different Solutions under Certain Market Size

Different bunkering solutions are suitable for different receiving ships and are suitable
for different scenarios, so there is no absolute good or bad. Then the analysis and
comparison of bunkering solutions must be placed in a specific scenario. In this paper,
the analysis and comparison are based on the situation of China’s coast.

In his thesis, B.F.B. Kolkman (2014) clearly pointed out that the choice of LNG
bunkering solutions is directly affected by the regional LNG bunkering market size.
The same bunkering solution may have totally different performance and evaluation
under different market size. Thus, we must estimate the marker size of China, then we
may give an objective and fair analysis and comparison of different solutions. The
short-term demand in an area will always fluctuate, which will be affected by fuel
prices, LNG prices, and total supply. The long-term demand, or the future market size,
is relatively stable and can be estimated in a certain way. In fact, globally, there are
many predictions on the size of the LNG bunkering market, including official and
unofficial, including global-based and port-based.

3.3.1 Forecast of LNG Bunkering Market Size

Semolinos, Olsen, and Giacosa (2013) using Total's in-house calculation model based
on the total consumption of each region and ship type, made a prediction on global
LNG bunkering market. Their study shows that the LNG consumption will reach 3035 million tonnes in 2030. Det Norske Veritas assumed four different scenarios of LNG

37

bunkering market, designed factors such as economic growth and environmental
policy pressure, and then made predictions. He predicted that LNG bunkering market
in 2020 will vary between 7 million tons in the lowest level and 33 million tons in the
highest (DNV GL, 2012). Adamchak and Adede forecasted that the global
consumption would be 1 million tons in 2020, and increase to 8.5 million tons by 2025
(Adamchak & Adede, 2013). Lloyd's Register (2012) has set two development
scenarios, one is 7.7 million tons in 2025 in normal situation, and under the high
consumption scenario, it will reach 20.2 million tons in 2025. In 2012, a project called
North European LNG Infrastructure Project--A feasibility study for an LNG filling
station infrastructure and test of recommendations, was conducted by Danish Maritime
Authority (2012), collaborated with more than 20 entities such as DNV GL, and cofinanced by the EU’s TEN-T framework. It forecast the LNG bunkering market might
reach 8.5 million m3 in 2020 and to 14 million m3 in 2030. Aronietis, Sys, Van Hassel,
and Vanelslander (2016) predicted the size of the LNG market in the Port of Antwerp.
They predicted that by 2025, the demand for LNG as fuel in the Port of Antwerp would
reach 156,000 tons, and according to different scenarios they assumed, the LNG
bunkering market might have a possible range between 62061 tons and 266565 tons.

There are also some studies that have forecasted China's LNG bunkering market. In
2020, Han Xinqiang predicted the LNG bunkering market scale on the Yangtze River
based on fuel replacement and the development scale of LNG-powered ships. It is
estimated in his study that the market scale will be around 2 million tons in 2025 (Han,
2020). In Zhou Yuliang’s research, combining the trends of LNG ship construction and
renovation, ship fuel consumption, and LNG comprehensive replacement rate, it is
estimated that China’s LNG bunkering market will be about 2.52 million tons in 2025,
of which inland ships’ demand will be 1.24 million tons, coastal ships’ demand will be
620,000 tons, ocean-going ships’ demand will be 660,000 tons. In 2030, it will be
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totally about 4.97 million tons, of which inland ships’ demand will be 2.32 million
tons, and coastal ships’ demand will be 1.2 million tons, and the ocean-going ships’
demand will be 1.45 million tons (Zhou, 2020).

3.3.2 Comparison of Different Solutions in Specific Scenario

According to “Opinions on Further Promoting the Application of LNG in the Water
Transportation Industry (Draft for Comment)” by the Ministry of Transport of PRC in
2018, China plans to establish three LNG bunkering centers in the Bohai Rim region,
the Yangtze River Delta region, and the Pearl River Delta region. According to the
traffic flow of the three regions, Bohai Rim owns 10% of the national coastal traffic,
Yangtze River Delta accounts for 53%, and Pearl River Delta accounts for 37%
respectively. Based on Zhou Yuliang's forecast, the coastal LNG demand in 2025 will
be 1.24 million tons, and in 2030, the coastal LNG demand will be about 2.65 million
tons. Then the corresponding LNG demand in 2025 for the three refueling centers is
124,000 tons, 656,200 tons, and 458,800 tons. The demand in 2030 is 265,000 tons,
1.4445 tons, and 980,500 tons. Faced with such demand, what kind of bunkering
solution should these 3 bunkering centers choose respectively? We may find some clue
and reference from B.F.B. Kolkman’s study.

In his thesis, B.F.B. Kolkman set three scenarios for the future LNG bunkering demand,
namely low demand scenario, medium demand scenario, and high demand scenario.
In the three scenarios, the probability that an inbound vessel is LNG-fuelled is 0.52%,
1.31%, and 3.97%, respectively. Subsequently, the author calculated the LNG
bunkering market size of KdB (a fuel company) in the Port of Amsterdam and analyzed
the bunkering solutions according to different market size. The calculation of KdB's
LNG bunkering demand in the Port of Amsterdam can be simplified as
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M=R×δ×θ×β×α

“M” represents potential LNG bunkering Market size in 2020. (Mkl represents KdB’s
potential LNG bunkering Market size in Low demand scenario. Mkm represents KdB’s
Market size in Medium demand scenario. Mkh represents KdB’s Market size in High
demand scenario.)
“R” represents the probability that a vessel is LNG-fuelled in different scenarios.
Rl=0.52% in low demand scenario, Rm=1.31% in medium demand scenario, and
Rh=3.97% in high demand scenario.
“δ” represents the estimated number of inbound ships in the future.
“θ” represents the market share of KdB in the Port of Amsterdam, or the probability
that an inbound LNG-powered ship will choose KdB’s bunkering service. Usually, θ
<1.
“β” is a constant and represents the average storage capacity of an LNG-powered ship.
“α” is a constant that takes into account all other factors such as the probability of
LNG-fueled ships choosing to refuel at other ports, the residual fuel before the ship
refueling, etc.

Because many relevant data are confidential, B.F.B. Kolkman did not specifically
publish it in his thesis. He compared and analyzed the performance measures of several
bunkering solutions in different demand scenarios. Cost (including investment cost
and operational cost) and time (including bunkering time and waiting time) are the
only 2 performance measures, and the “most efficient trade-off between the
performance measures (time and costs)” represents the best choice given certain
demand scenario. He also gave the result that in the low demand scenario, the
bunkering operations with two tank trucks (TTS) is the most reasonable choice, and
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both in the medium and high demand scenario, the STS is the best choice.

According to the traffic flow, we can find out that among the three bunkering centers,
the LNG bunkering demand in the Bohai Rim is the lowest. In 2014, the number of
inbound ships in Bohai Rim was 83,558. In 2012, the number of inbound ships in Port
of Amsterdam was 8,567. It can be roughly considered that the flow of ships in Bohai
Rim is about 10 times that of Port of Amsterdam, which means δb=10×δa. Then we get
result:

Mbl=Rl×δb×β×α=0.52%×10δa×β×α=0.052×δa×β×α
Mkh =Rh×δa×θ×β×α=3.97%×θ×δa×β×α=(0.0397×θ) ×δa×β×α
Mbl> Mkh

Mbl Bohai Rim’s LNG bunkering Market size in Low demand scenario.
δb represents the estimated number of inbound ships in Bohai Rim.
δa represents the estimated number of inbound ships in Port of Amsterdam.

The above calculation illustrates that the LNG bunkering market size of Bohai Rim in
low demand scenario is larger than that of Port of Amsterdam in high demand scenario.
According to B.F.B. Kolkman, if the LNG market demand is greater than or equal to
Mkm, then STS is a better bunkering solution. Since the demand of Bohai Rim in low
demand scenario is the lowest among all three region’s demands of all scenario, we
can infer that all three LNG bunkering centers in China should choose STS as the
bunkering solution.
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3.4

Conclusion of Chapter 3

It should be noted that in the above comparison, the calculation of the LNG bunkering
market along China’s coast is based on the research results of ZHOU Yuliang.
Quantitative analysis and comparison of bunkering solutions are based on the
methodology and simulation of B.F.B. Kolkman. In practice, the prediction of the
future market size will be more complicated and more accurate. The simulation
process of decision-making on bunkering solutions will be more complicated and
rigorous, and more factors will be taken into consideration. Therefore, the conclusion
given here is result of a simplified simulation. It reflects the key performance of the
solutions under different market sizes, when considering time and cost. It does not
mean at all, that these bunkering solutions would have the same performance if other
factors were taken into consideration.

This comparison theoretically demonstrates the superiority of STS given certain
scenarios. From the practical perspective, STS is also the hottest choice for most
countries when developing LNG bunkering industry. In Chapter 3, the latest trends in
the LNG bunkering market are analyzed. After 2016, the shipping market has become
choose LNG as marine fuel much more firmly. With LNG-fueled ships becoming
larger and shipping routes becoming globalized, the bunkering capacity for single time
must be as high as possible, and the bunkering time must be as short as possible. All
clues point to STS. STS has huge advantages in terms of bunkering rate, bunkering
capacity, and bunkering time.

Here we need to point out again the limitation that inherent safety of different solutions
is not quantitatively analyzed in this paper, which doesn’t mean safety is not important.
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In fact, during the development of the LNG bunkering industry, safety may be the
factor that the port authority concerned about most. The port authorities play a vital
role in formulating local policies. It is also noteworthy that in the actual development
process, different bunkering solutions are not mutually exclusive. A bunkering center
is very likely to develop TTS, PTS and STS at the same time.
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CHAPTER 4

CONCLUSIONS AND SUGGESTIONS

As global and domestic emission control regulations become more and more stringent,
the feasibility and superiority of LNG as marine fuel are widely recognized and
accepted by the shipping industry. All maritime powerhouses in the world are
dedicated to developing the LNG bunkering industry. If China does not want to be left
behind in the next stage of global port competition, it must keep up with the
development of LNG bunkering.

Because China started the LNG industry relatively late, and chose the strategy of first
inland waters, then coastal areas and then oceans, the current LNG bunkering industry
along China coast is still in the stage of research and demonstration, seriously lagging
behind the international level. The Chinese government has made plans to establish
three international LNG bunkering centers along the coast of China. China has the
advantage of developing LNG bunkering. On the one hand, the development of LNG
bunkering in inland rivers has accumulated certain experience for coastal areas. The
other is that China is have lots of experience in shipbuilding that many advanced LNG
bunkering vessels were built in China’s shipyard. In addition, China's regulations,
standards, and policies on LNG bunkering are relatively comprehensive. Because the
initial investment in LNG bunkering facilities is very high, in the next stage, China
should strengthen policy guidance, especially introducing more and stronger financial
policies to help enterprises.
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At present, the common LNG bunkering solutions in the world include TTS, PTS and
STS. From a theoretical perspective, once the market reaches a certain size, STS will
show obvious advantages in terms of saving time and reducing average cost. From a
practical point of view, STS is also the core direction of development in various
countries. China’s shipping market is huge, so STS should become a very important
choice. When China issues a policy on LNG bunkering, it should give more support
and help to the construction of bunkering ships.
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